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Introduction
Sludge is an inevitable product of sewage treatment and has a great impact on the environmental and ecological balance (Crivello, 2002; Zhang et al., 2018) . The heavy metals, microorganisms and organic impurities attached to the forming process make the sludge treatment extremely complicated. According to statistics (Shukla et al., 2004) , the amount of sludge accounts for about 2%-7% of the total treatment volume of sewage, and the annual investment and operating costs of sludge treatment account for 25%-30% and 25-40% of the sewage treatment costs, it takes a large part of the investment, for this reason, many scholars at home and abroad have carried out a lot of research on it, and have proposed the treatment methods and research ideas for the comprehensive utilization of sludge from different degrees. The research of many scholars has carried out meticulous research on it from the perspectives of reduction, stabilization, harmlessness and resource utilization, however, research on the comprehensive impact of heavy metals in sludge on environmental and ecological effects is still rare Lee et al., 2014; Maati et al., 2018; Wang et al., 2018) . Based on the principle of environmental ecological effects, Alvarez et al. (2002) started from an environmental perspective, applied the solidification technology to convert it into a process of non-flowability or solid formation, regardless of whether chemical bonding occurs between the waste and the curing agent, through the separation effect of this technology, they achieved the objective to control the harm of heavy metal to environmental pollution (Olier and Cosgrove, 2004), and improved the quality of the ecological environment.
Solidification technology uses cement to solidify the waste and cement the particles in the waste through the product of the cement hydration reaction (Yan et al., 2011; Zheng and Zhang, 2018) . After solidification, the sludge forms denser blocks that have lower water permeability, so that the heavy metals existing in the form of oxides, hydroxides, insoluble salts, etc. in the sludge are continuously extracted and filtered out by adjusting the pH and Eh values of the sludge during the water treatment process. In this way, the harm of sludge is reduced (Nishioka et al., 2000) . Based on the above theories, this paper adopts solidification technology to ensure the solidification conditions of heavy metal by changing the chemical and physical conditions of the solidified body, and based on this, it controls the heavy metal pollution control methods by discussing the control mechanism of heavy metals. This paper mainly discusses the control methods of two heavy metal elements Cu and Zn under the ecological effect conditions. The experimental study in this paper can effectively remove heavy metals in sludge and optimize sludge solidification effects and methods.
Materials and methods
During water treatment process, 50%-80% of the heavy metals in the sewage is concentrated in the sludge (Whanger, 2002; Georgieva, 2017) . The solidification treatment technology is used to improve the properties of the sludge, making it a useful soil engineering material. The solidification technology mainly treats heavy metals in sludge, reduces the risk of metal leaching and its environmental hazard by reducing the water permeability of solidified sludge (Ying and Fang, 2006) . Solidification technology reduces the impact of heavy metals on the environment through physical and chemical effects, the following passages will verify the solidification technology for the treatment of heavy metals in sludge by analyzing the principles and methods based on physical and chemical mechanisms.
Results

Physical blocking effect of solidification methods on heavy metals
This experiment took samples from typical sections from the upstream and midstream reaches of the Tianjin Beitang Sewage River and the Dagu Sewage River. In order to ensure the continuity and representativeness of the samples, the sampling was conducted respectively in the wet season, the normal season, and the dry season; and a total of 36 sets of samples had been taken. Then, the Soil Physical and Chemical Analysis Method was adopted to classify and test the collected samples, and the classified samples were subject to solidification process. The solidified sludge is dried and then crushed to different particle sizes, and sieved for classification. Then, X-ray diffraction (Japan Spv019) is used to analyze whether it will cause the destruction of the integrity of the organic matters in the solidified sludge, that is, whether there is a possibility of failure using physical method to treat the samples. Experimental method adopts the heavy metal leaching method: cement, sludge and water are arranged in a ratio of 1:2:5 and 2:2:5, respectively. For the heavy metal leaching experiment, at a soilwater ratio of 1:10, the samples with different particle sizes are mixed with the leaching solution, stirred, and shaken at different frequencies, then stand for more than 30 minutes, vacuum filtered, and use spectrophotometer (Beijing Ruili WFX130) to determine the concentration of Cu and Zn. The experimental results and data are shown in Table 1 . 
Chemical blocking effect of solidification methods on heavy metals
The previous study shows that, the stabilizing effect of solidified sludge heavy metals is due to the pH of the solidified sludge itself, it produces an incompatible or complexing effect on heavy metals to enhance their stability. The chemical blocking experiment is mainly to clarify the buffering effect of the sludge on the environmental changes after solidification. It changes the influence of its own chemical properties on heavy metal leaching by setting the external acid-base environment. By setting the leaching solution with different PH value and Eh value, the leaching solution of this paper is prepared by using hydrochloric acid and sodium hydroxide solutions, and the designed experiment is carried out according to the experimental ratio method of the physical effect, and the final experimental data is shown in Table 2 and Through the study of solidification and leaching treatment of heavy metals by physical effects and chemical effects, the experimental results show that different particle sizes have different effects on solidification and leaching of heavy metals. The trend in Figures 3-4 shows that, the leaching rate of particle size at different pH values first decreases and then increases, with the increase of particle size, the ratio of leached heavy metals shows a decreasing trend. The existing form of heavy metals largely determines the pH value, the trend in Figures 1-2 shows that the chemical route for solidifying heavy metals is to change the external chemical conditions, and the leaching rate is higher when it is acidic. where, C is the concentration of the substance, DL and DT are the vertical and horizontal dispersion coefficients, Vx and Vy are the flow rates in the X and Y directions, respectively. Using the above model and numerical method, the conditions of heavy metal sludge at different solidification levels are predicted (Philip et al., 2006) , the prediction results are: Table 3 , and conduct experimental data simulation and calculation for 10 to 200 iterations, the final calculation results are shown in (2) and (3) respectively measure the pollution degree of different coordinate directions, and predict the heavy metal pollution of solidified sludge of different solidification levels, and the prediction was conducted based on principle of heavy metal migration parameters. This paper took the variation characteristics of Zn as an example to investigate the pollution law of heavy metals to the environment. Table 3 shows the parameters of the experimental materials.
According to the data in Tables 3 and 4 and the prediction analysis schemes, it can be known that: (1) The influence of heavy metals in the sludge on environmental pollution gradually increases with time, and the untreated sludge has a much larger groundwater pollution range than the sludge after solidification treatment, and the concentration is higher than the concentration of the sample after solidification; (2) The release rate of heavy metals in the solidified sludge is much smaller than that of untreated sludge, and the released heavy metals will also be diluted by groundwater to reduce the harm to the environment; (3) With the improvement of the solidification level, the pollution of heavy metals to the environment is gradually reduced, and the pollution of heavy metals can be controlled by increasing the solidification level. http 
Heavy metal migration parameters
Based on the prediction method and control mechanism (Weng et al., 2001; Dragana et al., 2016) , the permeability curve of heavy metals in solidified sludge was measured by a flexible permeation meter to obtain the diffusion degree and permeation structure coefficient of two heavy metal elements of Cu and Zn. The test ratios are designed by changing the incorporation amount of cement and sludge, 5 ratios are set to perform the test, respectively are: 5:1:1, 5:1:3, 5:2:2, 5:3:2. According to the prediction results, the heavy metal concentration change values collected in different time periods are classified, and the maximum concentration value is taken as the initial concentration of heavy metals in the solidified sludge, and the calculated actual value of concentration is shown in Table 5 .
The data in Table 5 and the trends of Figures 5-6 show that, the parameter results obtained based on the prediction are close the trend of heavy metals in the solidified sludge of the actual calculation result, so this test method can characterize the demand of the special pollutant parameters. Figure 6 we can know that, the pollution intensity of solidified sludge to the environment is mainly determined by the http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1704_90259034  2019, ALÖKI Kft., Budapest, Hungary migration rate of the metal. The migration rate of the metal is determined by the ratio of cement and sludge, the dispersion degree of the sludge, the retardation coefficient of the metal, and the flow rate, etc. The concentration of heavy metals changes significantly with the migration time. The migration trend of different ratios shows that the concentration migration of heavy metals is most closely related to the number of days in the initial experiment. The migration ability of heavy metals is concentrated in the first 1-2 days. After 5 days, it tends to be balanced or cannot be detected anymore. Different ratios indicate that the migration rate is greater than the diffusion degree. Therefore, when the heavy metal control method is involved, the retardation coefficient of the migration medium should be emphasized.
Figure 6. Concentration migration of heavy metal Zn under different proportions and days
Heavy metal pollution control method
It can be seen from the discussion that the pollutants contained in the sludge will inevitably enter the surrounding environment by penetrating into groundwater or surface runoff during the formation process, and the heavy metals is a potential danger source to the pollution of groundwater. The existing forms of heavy metals are mostly in a soluble state, and there are many hidden dangers of heavy metal pollution to the environment. According to the principle of environmental ecological effect, the theory of pollution source control reverse problem is used to investigate the concentration of metal in solidified sludge. (Yi et al., 2010) further discussed and optimized the solidified materials, and converted the problem of metal pollution control to the inverse and optimization problem of pollution source control.
To solve the inverse problem of the source item, we must first establish its mathematical model of the reverse source control (Plaia and Bondi, 2006) , that is, select a calculation area, and use the solidified sludge as the filling material in the area, establish the model according to the prediction results of section 3.1, try to control the release of heavy metal concentration in the solidified sludge within the environmental tolerance range to meet the environmental capacity requirements.
In order to verify the above model, the solidified sludge sample is subjected to vacuum saturation treatment, and the concentration of heavy metals in the solidified sludge was determined by centrifugal separation method. After solidifying, vacuuming, and twice centrifugal separating, the concentration of heavy metals in pore water is detected, the results of repeated tests are tested for significance using regression http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1704_90259034  2019, ALÖKI Kft., Budapest, Hungary equations, and the significant test results are consistent with predicted trends, therefore, the control method discussed above can control the pollution of heavy metals to the environment.
Conclusions
(1) The pollution control problem of heavy metals in solidified sludge can be transformed into source item control inverse problem and solidified material optimization problem. By quantifying the requirements of environmental capacity, we can limit the concentration of heavy metals in the solidified sludge. Through optimizing the solidification conditions and material parameters, we could obtain the pollution control scheme.
(2) Based on the principle of ecological environment effect, the sludge solidification treatment technology can measure the occurrence regularity of heavy metals by physical and chemical environment, and it can improve the leaching rate of heavy metals in the sludge, thereby improving the utilization effect of the sludge after solidification, so that it can meet the requirements of geomaterials.
(3) The control of heavy metal pollution is essentially a problem of source control, through centrifugation, separation and solidification technologies, we can control the pollution of heavy metals to the environment. The research results and methods of this paper can quantitatively reduce metal pollution by solidification technology and separation method.
